The volatile aroma constituents of Chrysanthemum zawadskii var. latilobum K. were separated by hydro distillation extraction (HDE) method using a Clevenger-type apparatus, and analyzed by gas chromatography-mass spectrometry (GC/MS). The yield of C. zawadskii var. latilobum K. flower essential oil (FEO) was 0.12% (w/w) and the color was light green. Fifty-five volatile chemical components, which make up 88.38% of the total aroma composition, were tentatively characterized. C. zawadskii var. latilobum K. FEOs contained 27 hydrocarbons, 12 alcohols, 7 ketones, 4 esters, 1 aldehyde, 1 amine, and 3 miscellaneous components. The major functional groups were terpene alcohol and ketone. Borneol (12.96), (±)-7-epi-amiteol (12.60), and camphor (10.54%) were the predominant volatiles. These compounds can be used in food and pharmaceutical industries due to their active bio-functional properties.
INTRODUCTION
Chrysanthemum zawadskii var. latilobum K., 'gujeolcho' or 'sunmocho' in Korean for its typical shape, belongs to the tribe Anthemideae of the family Asteraceae (1, 2) , and has been used as a traditional folk medicine to treat various diseases such as pneumonia, bronchitis, cough, common cold, pharyngitis, bladder-related disorders, woman's diseases, gastroenteric disorders, and hypertension (3) . The plant essential oils (PEOs) are very rich in terpenoids, which exert an inhibitory mechanism against microorganisms by disrupting their membranes (4) . PEOs are a complex mixture of volatile flavor compounds consisting of terpenes and their oxygenated derivatives (5) . With the growing interest in the use of aromatic medicinal PEOs in both the food and pharmaceutical industries, a systemic examination on the volatile components of the C. zawadskii var. latilobum K. plant has become increasingly important. Chrysanthemum species are known to be a rich source of bioactive compounds such as flavonoids and terpenoids (6) (7) (8) . Chrysanthemum species such as C. indicum L., C. boreale Makino, C. morifolium R., and C. coronarium L., have been studied (6) (7) (8) (9) (10) (11) (12) (13) ; however, studies on the volatile aroma flavor components from C. zawadskii var. latilobum K. has been limited (14, 15) . In this study, the hydro distillation extraction (HDE) method, a modified simultaneous steam distillation extraction (SSDE) method, was used since organic solvents are capable of contaminating the plant aroma (16) . The purpose of this experiment was to characterize the volatiles and functional groups of C. zawadskii var. latilobum K. flower oils as a basis to study potential bio-active components. 
MATERIALS AND METHODS

Plant materials
Separation of PEOs
The dried Chrysanthemum zawadskii var. latilobum K. were crushed for 10 s by a blender (NJ-8060SM, NUC Electronics, Seoul, Korea) and 1 kg samples were extracted by HDE for 3 h from setting using a Clevengertype apparatus (Hanil Lab Tech Ltd, Incheon, Korea) (17) . The PEOs obtained were dried over anhydrous sodium sulfate overnight, measured, and stored in hermetically sealed dark-glass containers in a freezer at -4 o C until analytical testing by GC/MS. 
GC-MS analysis
Characterization of volatiles
The volatile flavor compounds were identified by comparison of the mass spectra with those in an on-line computer library (Wiley 275) (Agilent Co.). Alkanes were used as reference points in the calculation of relative retention indices (RI). The RI were experimentally determined using the standard method involving retention time of n-alkanes [Alkane Standard Solution (04070, 04071), (C 8 -C 20 , C [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] ), Standard for GC, Fluka, USA], injected after the essential oil under the same chromatographic conditions (18) . The RIs of the compounds, determined using C 8 -C 22 as external references, were compared with previous published data (19, 20) . Several compounds were identified, similar to literature (21-23), based on co-injection with authentic compounds (Acoros and Sigma-Aldrich, St. Louis, MO, USA). The quantification of each individual volatile flavor component was performed based on the ratio of the peaks obtained from the mass total ion chromatogram and marked quality percentage of the volatile flavor compounds from the MS data.
RESULTS AND DISCUSSION
Flavor profiles
To identify the aroma components of Chrysanthemum zawadskii var. latilobum K. flower, hydro distillation extraction (HDE) was initially performed to extract the flower essential oils (FEOs), which were then separated and analyzed. C. zawadskii var. latilobum K. FEO yielded 0.12% (w/w) and light green in color. The characterized aromatic chemical compounds of C. zawadskii var. latilobum K. FEOs are shown in Table 1 , and listed in order of their elution on the HP-5 column along with retention indices, approximate concentrations (relative peak area percents), quality percentages, and method of identification. A classification based on functional groups is summarized in Table 2 . As shown in Tables 1 and 2 , fifty-five volatile chemical compounds make up 88.38% of the total aroma composition and were tentatively characterized from C. zawadskii var. latilobum K. The C. zawadskii var. latilobum K. FEOs contained 27 hydrocarbons (23.62), 12 alcohols (37.57), 7 ketones (18.63), 4 esters (2.59), 1 aldehyde (1.79), 1 amine (0.83), and 3 miscellaneous components (3.35%). Borneol (12.96) was the most abundant component, followed by ( ± )-7-epi-amiteol (12.60), camphor (10.54), δ-cadinene (6.29), spathulenol (4.64), propyl sulfone (2.83), thymol (2.64), β-elemene (2.39), germacrene D (2.07), and valencene (2.02%). Isoaromadendrene epoxide, longifolenaldehyde, piperitone, α-gurjunene, β-selinene, nerolidol, umbellulone, filifolone, bornyl acetate, (E)-chaveol, and sabinyl acetate were the compounds with concentrations higher than 1% as % peak area.
Alcohols
Twelve terpene alcohol compounds (37.57%) were found in C. zawadskii var. latilobum K. FEOs, consisting of borneol (most abundant), carveol, eucalyptol (1,8-cineol), α-phallandrene-8-ol (p-Mentha-1,5-dien-8-ol), terpinen-4-ol, myrtenol, methyl chavicol, (E)-chaveol, thymol, nerolidol, spathulenol, and ( ± )-7-epi-amiteol. Borneol (C 10 H 18 O) has dry-camphoraceous and woody-peppery odor, and a woody, minty, and slightly burning taste. Borneol is used in nut and spice flavor compositions, usually in mere traces (24) . Borneol, also known as borneo camphor or camphanol, is a bicyclic volatile organic compound containing a hydroxyl group at the endo position, to be easily oxidized to the ketone, camphor. Hence, one historical name for borneol is borneo camphor (25). Borneol can be found in several species of Artemissia, Dipterocarpaceae, Blumea balsamifera, and Kaempferia galanga. Borneol is used in traditional Chinese medicine as Moxa. Among an important volatile component of oregano and rosemary, borneol is also a natural insect repellent. Previous studies report that borneol has anti-bronchitic, anti-salmonella, and anti-inflammatory activity (25). In this experiment, we also detected terpinen-4-ol (4-terpineol) by GC/MS, a volatile compound, that has been used for aroma therapy with lavender oil and one of the major flavors in the tea tree oil, where its quality is dependent upon the concentration of this compound (26) . The main terpene alcohol compounds with concentrations higher than 10% as % peak area were borneol and ( ± )-7-epi-amiteol. And followed by spathulenol (4.64), thymol (p-cymen-3-ol or thyme 1) RI: Retention indices were determined using n-alkanes (C 8 -C 22 ) as external references.
2) PA is peak area %; average of the relative percentage of the peak area in the MS total ion chromatogram (n=3) from Chrysanthemum zawadskii var. latillobum K. oil. 3) QA means quality % of the MS data (n=3). Ketone, ester, and aldehyde Seven ketone compounds (18.63%) were identified in C. zawadskii var. latilobum K. FEOs, consisting of filifolone, camphor, pinocarvone, verbenone, piperitone, umbellanone, and profyl sulfone. Among them, camphor (C 10 H 18 O) was the most abundant volatile flavor compound (10.54%). Camphor (root bark oil, 2-bornanone, or 2-camphanone) was also detected in C. indicum L. making up 2.64～14.10% (27) . Camphor has a fresh sweet aroma note like mint and is known as the one of the major volatile flavor compounds of the Compositae family and a bio-functional aroma material (26) . The ketones give a wide range of aromatic effects and most of them are pleasing. Higher molecular weight ketones have a marked floral character (28) . Camphor is a saturated ketone containing a camphene skeleton and is obtained industrially via pinene, camphene, and isoborneol (29) . Camphor was initially characterized in Eclipta prostrata L. and Atractylodes japonica PEOs in small amounts (30, 31) . Four esters (2.59%), (E)-sabinene hydrate, bornyl acetate, sabinyl acetate, and α-terpinyl acetate, were found in C. zawadskii var. latilobum K. FEOs. Among them, the major ester compounds with concentrations higher than 1% as % peak area were bornyl acetate and sabinyl acetate. Aldehyde compounds constituted 1.79% of the distilled FEOs, with longifolenaldehyde.
Hydrocarbons
Twenty-seven terpene hydrocarbon compounds (23.62), eleven monoterpene hydrocarbons [tricyclene, α-thujene, α-pinene, camphene, verbenene, sabinene, β-myrcene, α-terpinene, (E)-β-ocimene, γ-terpinene, and α-terpinolene (2.57)] and sixteen sesquiterpene hydro-carbons [α-cubebene, α-copaene, β-elemene, β-caryophyllene, β-cubebene, (E)-β-farnesene, germacrene D, β-selenene, γ-elemene, valencene, (E,Z)-α-farnesene, δ-cadinene, germacrene B, eremophillene, α-gurjunene, and chamazulene (21.05%)] were identified in C. zawadskii var. latilobum K. Among them, α-pinene was described as the pine tree aroma and flavor and is a very important starting material for the perfume industry (26) . α-Pinene was also found at high concentrations in Juniperus oxycedrus ssp. oxycedrus (27.40% of the total peak area) berry and wood oils from Cedar of Lebanon, and reportedly has antioxidant and hypoglycemic activities (32) . β-Caryophyllene is a common sesquiterpene that is widely distributed plants and possesses both anti-inflammatory and anti-carcinogenic characteristics. A previous study suggests that caryophyllene derivatives could also play an important role in plant defense responses (33) . Monoterpene compounds, ucalyoptol, camphor, borneol, thymol, α-pinene, β-pinene, bornyl acetate, and menthol inhibit bone resorption when added to the food of rats. Among them, borneol, thymol, and camphor directly inhibit osteoclast resorption (34) .
In this study, we determined the volatile constituents of C. zawadskii var. latilobum K. FEOs by HDE-GC/ MS. The common characteristics of FEOs from C. zawadskii var. latilobum K. tentatively identified were high contents of terpene alcohols and ketones and low contents of other functional groups (Table 1) . Fifty-five volatile chemical compounds were characterized from the MS data, and contained 27 hydrocarbons, 12 alcohols, 7 ketones, 4 esters, 1 aldehyde, 1 amine, and 3 miscellaneous components. Borneol, ( ± )-7-epi-amiteol, and camphor were the major volatile flavor compounds of C. zawadskii var. latilobum K, an aromatic medicinal herbaceous plant. We envision a possible use of C. zawadskii var. latilobum K. in the food and pharmaceutical industries because of their several active bio-functional properties.
